Introduction {#s0005}
============

Fish, like all other living organisms, can be infected by virus representatives from most of the virus families. Predominantly described as fish pathogens, these viruses include rhabdoviruses, birnaviruses, herpesviruses, iridoviruses, reoviruses, orthomyxoviruses and retroviruses. In this brief review, the most well characterized viruses from each family will be discussed and tables listing the general characteristics of these fish viral pathogens as well as other less well characterized viruses within the family are included ([Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"} ). In addition, viral agents that have not been confirmed as the etiologic agent and are tentatively classified are listed separately in [Table 3](#t0015){ref-type="table"} .Table 1Fish RNA viruses*ClassificationVirusSize (nm)EnvironmentHostDisease*BirnavirusInfectious pancreatic necrosis virus55--65Marine and freshwaterSalmonidsNecrosis of internal organs and tissueOrthomyxovirusInfectious salmon anemia virus80--120MarineAtlantic salmonAnemiaParamyxovirusChinook salmon paramyxovirus125--250MarineChinook salmonNo associated diseaseRetrovirusWalleye dermal sarcoma virus100--130FreshwaterWalleye pikeTumorsGolden shiner reovirus75FreshwaterGolden shiner, grass carpViremia and necrosisReovirusChannel catfish reovirus75FreshwaterChannel catfishTransient viremiaChum salmon reovirus75Marine and freshwaterSalmonidsFocal necrosis of liverInfectious hematopoietic necrosis virus160--180 × 60Marine and freshwaterSalmonidsNecrosis of internal organs and tissuesRhabdovirusViral hemorrhagic septicemia virus185 × 65Marine and freshwaterSalmonidsNecrosis of liver, kidney, spleenSpring viremia of carp virus180 × 70FreshwaterCyprinidsViremia, swim bladder inflammationTable 2Fish DNA viruses*ClassificationVirusSize (nm)EnvironmentHostDisease*IridovirusLymphocystis virus150--300Freshwater and marineFreshwater and marine fishLymphocystisErythrocytic necrosis virus140--360MarineMarine and anadromous fishViral erythrocytic necrosisAdenovirusAtlantic cod adenovirus77MarineAtlantic codHyperplastic dermal lesionsTable 3Fish viruses*Tentative classification*[a](#tblfn3a){ref-type="table-fn"}*Virus*IridovirusCarp gill necrosis virus, catfish iridovirus, chromide cichlid iridovirus, cod ulcus syndrome iridovirus, epizootic hematopoietic necrosis virus, goldfish iridovirus, icosahedron cytoplasmic eoxyribovirus, lymphocystis virus, sheatfish iridovirus, white sturgeon iridovirusAdenovirusDab adenovirusBirnavirusEel virus European, flounder ascites virus, Menhaden virus, sand goby virus, turbot birnavirus, yellowtail ascites virusCalicivirusOpaleye virusCoronavirusCarp coronavirusPicornavirusAtlantic samon virus, bluegill virus, cutthroat trout virus, rainbow trout smelt picornavirusParamyxovirusRainbow trout paramyxovirusReovirus13p2 reovirus, Atlantic salmon reovirus, chinook salmon reovirus, eel reovirus, fancy carp reovirusRhabdovirusEel rhabdovirus, Hirame rhabdovirus, pike fry rhabdovirus, snakehead rhabdovirusUnclassified virusesAtlantic salmon papilloma virus, brown bullhead papilloma virus, erythrocytic inclusion body syndrome virus, intraerythrocytic virus, platyfish virus, winter flounder papilloma[^1]

The history of fish virology parallels the development of fish aquaculture, which began more than 3000 years ago. The culture of cyprinid fishes in China was first described at that time and, since then, many more fish species have been cultured for food and the ornamental trade. Along with the development of fish husbandry have come the first descriptions of viral diseases of fish, including spring viremia of carp and carp pox, which was noted as early as 1563.

The basic replication mechanisms and infectious processes of the fish viruses appear to be no different from their counterparts in warm-blooded vertebrates. However, as the viral genomes have been characterized by sequence and expression analysis, several new genera in different virus families have been discovered. For example, the aquabirnaviruses are classified as a separate genus in the family *Birnaviridae* and are distinguished from the other genera by serological and host range parameters. The novirhabdoviruses, containing certain members of the fish rhabdoviruses, are distinguished by a unique viral gene located between the glycoprotein and polymerase gene. No other rhabdovirus contains such a gene encoding a nonvirion protein. Thus, the study of fish viruses has become a fruitful field of investigation that provides unique opportunities to study pathogenesis in significant numbers of animals.

A great deal of effort has been devoted to the development of control strategies to prevent the spread of virus and to control it once it appears at a hatchery. For aquaculture, as with care of other food animals, the disease control measures must be cost-effective, practical and easy to administer in the field. Avoidance continues to be the most effective and economical control measure for the fish pathogens described here. Presently, strict certification of eggs and fry as specific pathogen-free is required for the shipment of eggs and fish between states and countries. Outbreaks are controlled by the destruction of all eggs and fish at the facility that might be contaminated with virus. Stocks of specific pathogen-free eggs or fish are reared in noncontaminated water (well water). Vaccines have been developed for several of the fish pathogens, and include attenuated vaccines, killed vaccines, DNA vaccines and subunit vaccines prepared by recombinant DNA technology. The vaccines have varying degrees of efficacy, but none are presently licensed and commercially available.

The host species and the relative fecundity of these animals make it possible to develop models for transmission and to study environmental effects that may be too subtle to detect in groups of 10--20 animals. With fish studies, it is possible to work with groups of 500--1000 fish. It is also possible to study the effects of developmental stage on virus infection, which is not always possible with warm-blooded mammals, which undergo a large part of early development *in utero*. With egg-laying fish, the effect of different stages of development on viral pathogenesis can be examined very early in the life cycle of the animal.

Significant contributions to the basic understanding of biological processes in eukaryotic cells are being made through the study of viral diseases of fish. This, as well as the need to control diseases in aquaculture, has provided the impetus to discover and characterize more viruses of fish.

1. RNA Viruses {#s0010}
==============

*Rhabdoviridae* {#s0015}
---------------

### Infectious hematopoietic necrosis virus {#s0020}

Infectious hematopoietic necrosis virus (IHNV) is a member of the *Rhabdoviridae* family, genus 'IHNV-like viruses', and is the causative agent of an acute, systemic disease in young salmonid fish.

### History {#s0025}

The virus was first discovered in sockeye salmon (*Oncorhynchus nerka*) dying at hatcheries in Washington in 1953. Similar outbreaks among hatchery-reared chinook salmon in California were reported in 1960. The virus was spread to new sites by the use of unpasteurized sockeye salmon viscera as feed. Although this practice was soon stopped, the disease continued to spread in the 1970s by the shipment of infected eggs to Japan, the eastern USA and Europe. The first laboratory propagation of IHNV was carried out when salmonid fish cell lines became available.

### Taxonomy and classification {#s0030}

IHNV particles have a bullet-shaped or cone-shaped morphology. The virus belongs to a new genus which has six viral genes in the order 3′-N-P-M-G-NV-L-5′ on the negative-sense single-stranded RNA genome. The N is the nucleoprotein gene; P, the phosphoprotein gene; M, the matrix protein gene; G, the glycoprotein gene; NV, the nonvirion protein gene, and L the polymerase gene. Recently the International Committee on the Taxonomy of Viruses accepted the classification of IHNV with a new genus called *Novirhabdovirus* for the unique *No*n-*Vi*rion protein gene located between G and L on the viral genome.

### Geographic and seasonal distribution {#s0035}

Originally, the range of IHNV was thought to be confined to salmonid fish in the Pacific Northwest of North America. However, the shipment of infected eggs or fry has extended the range to include Japan, Korea, Taiwan, China, Spain, Belgium and France. Sporadic outbreaks of the disease have also been reported in Colorado, South Dakota, Virginia and Montana. Most infectious hematopoietic necrosis (IHN) outbreaks occur at temperatures of 12°C or lower among fry and fingerlings. Thus, the disease among steelhead trout fry normally appears in March or April in Washington.

### Host range and virus propagation {#s0040}

Initially, the host range was confined to the genus *Oncorhynchus* and included the sockeye, kokanee, chinook, cherry, biwa and chum salmon, and yamame, amago, steelhead, cutthroat and rainbow trout where the virus can kill at 3--18°C. The virus can also infect and kill Atlantic salmon (*Salmo salar*), brown trout, brook trout and Japanese char. Coho salmon, arctic grayling, pink salmon, lake trout and Arctic char are relatively resistant to IHNV. The virus can be propagated in a large number of cell lines including RTG-2 (rainbow trout gonad), CHSE-214 (chinook salmon embryo), and EPC (epithelioma papillosum cyprini) at temperatures ranging from 4 to 20°C. Growth is not supported at 23--25°C.

### Transmission and tissue tropism {#s0045}

Horizontal transmission of the virus from infected feed and in the water from infected fish has been amply demonstrated. However, the vertical transmission of the virus has been the subject of much discussion among scientists studying IHN in the field. Clearly, vertical transmission from infected parents occurs predominantly from surface-contaminated eggs and sperm. The decontamination of eggs by iodophore treatment prevents the vertical transmission of the virus in most cases.

In the infected animal, IHNV is found predominantly in the anterior kidney tissue, where the fish hematopoietic cells are located, in the spleen, liver and pyloric caeca. There are isolates of the virus that target the brain tissue and selected variants can be found preferentially in liver tissue.

### Clinical features and infection {#s0050}

In acute disease, moribund fish are lethargic, with periods of sporadic whirling or hyperactivity. Affected fish show signs of the disease, with dark coloration and petechial hemorrhages at the base of fins as well as distended abdomen, exophthalmia, pale gills and mucoid, opaque fecal casts. Histopathologic examination reveals severe degenerative changes throughout the kidney, the hematopoietic organ of fish.

### Immune response {#s0055}

Fish that have recovered from a virus infection have been shown to have anti-IHNV antibodies by both virus neutralization assays and by ELISA. The presence of a cellular immune response has not been demonstrated satisfactorily because assays for cell-mediated immunity in rainbow trout have not been adequately developed. Nevertheless, laboratory studies with infected versus uninfected CSHE-214 cells indicate that the infected cells are killed at a much increased rate by cytotoxic cells from fish that have recovered from IHN than from control fish.

Viral hemorrhagic septicemia virus {#s0060}
----------------------------------

Viral hemorrhagic septicemia virus (VHSV) is the etiologic agent for an acute to chronic disease of rainbow trout and other salmonid species. The disease, viral hemorrhagic septicemia (VHS), is caused by this virulent strain of the virus that is found only in Europe. A VHSV strain that is avirulent in salmonid fish has been found in cod and herring in marine waters of the Pacific Northwest and Alaska.

### History {#s0065}

The disease was first recognized in the small village of Egtved, Denmark, where trout were dying of an entero-hepatic-renal syndrome. The virus is thought to have existed in Europe for eons as a low level pathogen among the native salmonid fish species, i.e. brown trout and Atlantic salmon. However, when the North American rainbow trout was introduced in 1879 into France and in 1882 into Germany, the new host--pathogen relationship proved deadly. The virus is still a problem at trout farms in France, Belgium, Germany, Norway, Czech Republic, Switzerland and Italy.

### Taxonomy and classification {#s0070}

VHSV is a member of the *Rhabdoviridae* family with an unassigned genus. The entire sequence of the viral genome has been determined. The genome contains six viral genes arranged in the order, 3′-N-P-M-G-NV-L-5′, where N is the nucleoprotein gene, P is the phosphoprotein gene, M is the matrix protein gene, G is the glycoprotein gene, NV is a nonvirion protein gene, and L is the polymerase gene. The genome order, the presence of the NV gene, and phylogenetic analysis of the glycoprotein gene has placed VHSV in the *Rhabdoviridae* along with infectious hematopoietic necrosis virus, snakehead rhabdovirus and hirame rhabdovirus. The virion has the typical bullet-shaped morphology and measurements indicate that the size of the virion in negatively stained preparations is 70 nm × 180 nm.

### Geographic and seasonal distribution {#s0075}

To date, VHS is only known to occur in Europe. Outbreaks of the disease have not been found in other parts of the world where trout are raised in large numbers, such as Australia, Japan, North or South America. A North American strain of VHSV has been isolated and appears to be enzootic among certain species of marine fish in the North Pacific Ocean. This strain is not proven to be virulent in salmonid fish species.

Outbreaks of VHS typically involve young fish at the fingerling to yearling stage of development. The disease usually appears when water temperatures drop to 10°C or lower.

### Host range and virus propagation {#s0080}

The susceptible species include Atlantic salmon, brook trout, brown trout, golden trout, grayling, lake trout, pike, rainbow trout, sea bass, turbot and whitefish. The incubation time after virus infection is usually 2 weeks after inoculation and 3--4 weeks by water-borne exposure. Interestingly, common carp, chinook salmon, chum, coho salmon, goldfish, roach and tench are refractory to the lethal effects of virus infection. In cultured cells, the virus grows well in BF-2 (bluegill fibroblasts), CHSE-214, EPC, FHM (fathead minnow epithelial cells) and RTG-2 cells. The range of replication extends from 4 to 20°C, with optimal yields at 10--15°C. The virus loses infectivity at temperatures above 20°C. At 14°C, new virus first appears at 7--10 h postinfection, with exponential production to 6--10 h until production reaches a plateau at about 24--48 h. Virus production can reach high titers of 7.5 × 10^7^  PFU ml^−1^.

### Transmission and tissue tropism {#s0085}

Horizontal transmission is very temperature dependent. It occurs readily at temperatures between 1 and 12°C; temperatures above 15°C are nonpermissive to virus transmission. The source of this virus is believed to be the urine of infected fish. Vertical transmission is considered extremely rare and probably due to the surface contamination of the eggs with virus in the ovarian fluid. However, unlike IHNV, VHSV has never been isolated from seminal fluid. The virus has been found in the anterior kidneys where the hematopoietic tissues are located and focal necrosis occurs in the liver, another prime target organ.

### Clinical features and infection {#s0090}

The disease outbreaks begin with individual fish that do not feed and become lethargic or hyperactive. The afflicted fish are noticeably darker, may have exophthalmia in one or both eyes, pale gills which may have petechiae, and hemorrhages at the fin bases. The mortality rates are high. Among the survivors, virus can be isolated for a short period after the peak of mortalities and then infectious virus cannot be isolated, much as has been described for IHNV.

### Immune response {#s0095}

Production of neutralizing antibody in fish is surprisingly low even after monthly infection of attenuated virus for a year. Specific lymphostimulation to inactivated VHSV was observed in fish that survived a VHS outbreak and in about half of the trout vaccinated by immersion. These studies indicate that fish can mount an immune response to VHSV, and efforts to develop a useful vaccine has been continuing since 1976.

Spring viremia of carp virus {#s0100}
----------------------------

Spring viremia of carp virus is a member of the *Rhabdoviridae* family and the causative agent of an acute infectious dropsy of carp

### History {#s0105}

In 1971, Fijan and colleagues reported the multiple isolation of a rhabdovirus from carp with signs of the disease, acute infectious dropsy of carp (IDC). They subsequently showed that the rhabdovirus, which they named *Rhabdovirus carpio*, was the causative agent of the viral infection, spring viremia of carp (SVC). The virus is now called spring viremia of carp virus (SVCV). Outbreaks of the disease have been confined to Europe, where reports of its isolation from infected carp have come from The Netherlands, France, Hungary and Germany.

### Taxonomy and classification {#s0110}

SVCV is a member of the *Rhabdoviridae* family and has been placed within the *Vesiculovirus* genus. The sequence of the viral genome has largely been determined and its gene order is 3′-N-P-M-G-L-5′, where N is the nucleoprotein; P, the phosphoprotein; M, the matrix protein; G, the glycoprotein; and L, the virion polymerase. Unlike the other fish rhabdoviruses described in this review, SVCV does not have an additional gene between the G and L genes. The virus is distinct serologically from IHNV, VHSV, several eel viruses, pike fry rhabdovirus and Rio Grande perch rhabdovirus. Two strains of SVCV have been recognized by serological analysis.

### Geographic and seasonal distribution {#s0115}

The range of SVCV is still considered to be confined to cyprinid fish species in Europe, Russia and China. The isolation of SVCV has never been reported in the USA despite the repeated introductions of common carp in North America. This may be due to the fact that carp are not highly regarded as game or food fish. Little effort has been expended in determining the virologic status of the carp population in the USA.

As the name implies, disease outbreaks occur in the spring. When temperatures warm in the spring from 11 to 16--20°C, fish become more easily infected; however, the virus kills more fish at the lower temperatures when the fish immune system is less active.

### Host range and virus propagation {#s0120}

SVCV kills both adult and young common carp. The virus has also been isolated from other cyprinid species, such as silver carp (*Hypophthalmichthys molitrix*), bighead carp (*Aristichthys nobilis*), crucian carp (*Carassius carassius*) and the sheatfish (*Silurus glanis*). It has been grown in guppies (*Lebistes reticulata*) and the fry of the northern pike (*Esox lucius*).

The virus can be propagated in tissue culture cells grown at 20°C. The susceptible lines which exhibit cytopathic effects induced by SVCV infection are FHM, EPC and BF-2 (Bluegill fibroblast) cells. At 20°C, cytopathic effects appear within 2 days.

### Transmission and tissue tropism {#s0125}

Horizontal transmission is thought to be the primary mode of virus transmission. There is circumstantial evidence that vertical transmission also takes place, as ovarian fluids but not seminal fluids of 5--10-year-old asymptomatic carp contained virus. The carp louse (*Argulus foliaceus*) may be a vector for the virus, as these parasites have been shown experimentally to ingest the virus from SVCV-infected carp and transmit the virus to healthy fish 6--7 days later.

The virus is normally found in the kidneys at 7--14 days after infection. By days 14--21 the liver and spleen have the highest concentration of virus. The virus can also be isolated from the blood, brain, gills, intestine and spleen.

### Clinical features and infection {#s0130}

The clinical diagnosis of SVC is aimless swimming, abdominal distension, ascites and hemorrhagic condition of skin, gills and viscera.

### Immune response {#s0135}

The immune response to SVCV is influenced by temperature, route of immunization, and the age and condition of the host. Adult carp infected at 14°C produced neutralizing antibody slowly; when the fish were held at 25°C, antibody appeared more rapidly. In addition, the fish respond with interferon production within 24 hours of infection.

*Birnaviridae* {#s0140}
==============

Infectious pancreatic necrosis virus {#s0145}
------------------------------------

Infectious pancreatic necrosis virus (IPNV) is the etiologic agent for an acute systemic disease of young trout and Atlantic salmon. The disease is widespread and is a serious pathogen in fish farms in Europe.

### History {#s0150}

Although the disease had been described in newly feeding hatchery trout fry as early as 1941, the discovery of the viral agent was not made until 1957 by Wolf and Dunbar. They described the isolation of IPNV, the first fish virus to be grown *in vitro*. Since those early investigations, the virus genome has been characterized, cloned and sequenced for a variety of different IPNV strains. The disease process has been characterized and vaccines have been developed for IPNV infection in Atlantic salmon.

### Taxonomy and classification {#s0155}

IPNV is the prototype virus for the genus *Aquabirnavus*, family *Birnaviridae*. The virions are about 60 nm in diameter, single-shelled, nonenveloped icosahedrons and contain two segments of double-stranded RNA, each with a covalently linked protein at the 5′ end. The buoyant density of the virion in CsCl is 1.33 g ml^−1^. The viral genome constitutes between 9 and 10% of the virus particle by weight. The size of the larger segment A for IPNV ranges in size from 2962 to 3092 bp and encodes a polyprotein containing NH~2~-VP2-NS-VP3-COOH. The smaller segment B, 2731--2784 bp, encodes the viral protein, VP1.

The major virion polypeptides are: VP1 (94 kDa), which is the RNA-dependent RNA polymerase as well as the genome-linked protein; VP2 (54 kDa), the major capsid polypeptide and type-specific antigen; and VP3 (30 kDa), an internal capsid protein and group-specific antigen. A nonstructural protein, NS (29 kDa), is the virus-coded protease that autocatalytically cleaves the polyprotein to produce VP2, NS and VP3. An additional nonstructural polypeptide that is positively charged has been designated as the 17 kDa protein and is encoded in an overlapping open reading frame preceding the segment A encoded polyprotein.

### Geographic and seasonal distribution {#s0160}

Although the disease was first known in North America, outbreaks of infectious pancreatic necrosis (IPN) among fish have been reported in almost all parts of the world where fish are reared. The virus has been found in countries in Europe, Asia, and North and South America. It has not appeared in Australia and New Zealand, yet. The mortality rate for the virus is markedly influenced by temperature: at 14--15°C, it may be 80%; and at 10°C, it may be only 20%.

### Host range and virus propagation {#s0165}

The possible hosts for IPNV range from salmonid fish species to at least 20 piscine families, including tropical fish, eels, sea bass and lamprey. The virus is pathogenic for many of these species. IPN-like viruses have also been isolated from mollusks and crustaceans as well as trematode parasites of fishes. Virus propagation *in vitro* can be carried out in a wide variety of cell lines, although the CHSE-214 and RTG-2 cell lines are generally recommended for isolation. The temperature range of incubation is 4--26°C and cytopathic effects become apparent sooner at higher temperatures (9 h at 26°C versus several days at 4°C).

### Transmission and tissue tropism {#s0170}

Survivors of IPNV epizootics become carriers and shed large quantities of virus (10^3^--10^5^ TCID~50~  g^−1^) intermittently for long periods of time in their sex products and feces. Thus, horizontal transmission occurs by contact and ingestion of contaminated water. The virus enters through the digestive tract and gills. Vertical transmission is likely due to the virus presence in the seminal and ovarian fluids. There is also strong evidence that the salmonid egg from carrier fish can carry the virus at a site that is resistant to iodophore treatment. In acutely infected fish, virus can be isolated from the pancreas, intestine and kidneys.

### Clinical features and infection {#s0175}

In brook and rainbow trout, the disease is first detected by an erratic swimming behavior when the victim trout rotates about its long axis. This is usually a terminal sign but some fish do recover. There is overall darkening, mild exophthalmia and abdominal distension. The affected fish may trail long, thin, whitish cast-like excretions from the vent. In order fingerling trout, IPNV infection sometimes results in petechial hemorrhages through the viscera. Histopathologic examination of the pancreas reveals extensive necrosis.

### Immune response {#s0180}

Survivors and fish vaccinated with killed IPNV vaccine all produce neutralizing anti-IPNV antibody. Despite high concentrations of IPNV antibody in these fish, virus is also produced in the survivors (carrier) and the presence of antibody is not a good indicator that fish will be protected against the lethal effects of IPNV infection. Thus far, no IPNV vaccine has proven to be effective in field trials.

*Reoviridae* {#s0185}
============

Golden shiner reovirus {#s0190}
----------------------

Golden shiner virus (GSV) disease is a reovirus infection that occurs during high temperatures, frequently in the late summer and fall, among commercially reared bait minnow *Notemigonus crysoleucas*.

### History {#s0195}

GSV was first discovered in the southern USA in 1977 by Schwedler and Plumb in populations of golden shiner bait fish. The virus only kills fish in large numbers when the fish are stocked at high density.

### Taxonomy and classification {#s0200}

The virus belongs to the genus *Aquareovirus* in the family *Reoviridae*. Its genome is composed of 11 segments of double-stranded RNA that occur in three size classes. The three large segments range in size from 2.6 to 2.1 × 10^6^  Da; the three medium segments from 1.9 to 1.5 × 10^6^  Da, and the five small segments, from 1.1 to 0.3 × 10^6^  Da. The total genome length is 22500--23000 nt. The virus has five structural proteins: two large polypeptides of 135 and 125 kDa, one medium size polypeptide of 70 kDa, and two small polypeptides of 45 and 34 kDa.

The virion is nonenveloped and contains a double-layered icosahedral capsid of 75 nm in diameter. The diameter of the core structure in 50 nm.

### Geographic and seasonal distribution {#s0205}

The virus was first recovered from golden shiners in several southern states, where they were raised and shipped to other areas of the USA. Since then, the virus has been found in California golden shiners and in grass carp.

### Host range and virus propagation {#s0210}

Only the golden shiner and grass carp have been identified as susceptible to virus infection. In the case of grass carp, the infected fish appear normal. Virus can be propagated in grass carp cells and EPC.

### Transmission and tissue tropism {#s0215}

Horizontal transmission has been documented and accounts for natural infections. The incubation time is estimated to be 1--2 weeks. Although specific histologic studies have not been carried out, the visceral organs of suspect fish are sampled for virus infectivity assays.

### Clinical features and infection {#s0220}

Infection in golden shiner is first noted when the fish swim near the surface and appear listless. Dying fish will swim in a spiral. There is marked hemorrhage on the dorsal surface and petechial hemorrhages on the ventral surfaces, the cornea, the intestinal mucosa and visceral fat.

*Orthomyxoviridae* {#s0225}
==================

Infectious salmon anemia virus {#s0230}
------------------------------

Infectious salmon anemia (ISA) is a disease of farmed Atlantic salmon (*Salmo salar* L.) in Norway that affects both erythrocytic and leukocytic cells to produce a severe anemia.

### History {#s0235}

ISA has been the cause of massive economic losses in the Atlantic salmon farming industry in Norway, where it was first recorded at the end of 1984. The disease incidence peaked in 1991 and is now considered the most dangerous fish disease in the European Union. The etiological agent has been identified as an orthomyxovirus.

### Taxonomy and classification {#s0240}

The genome of infectious salmon anemia virus (ISAV) is composed of eight segments of single-stranded RNA that range in size from 1.0 to 2.3 kb, with a total molecular size of approximately 14.5 kb. Investigators in Norway have cloned and sequenced the smallest genome segment. Although analysis of this segment does not reveal any significant homology with the available sequences for orthomyxoviruses, the morphological and replication properties indicate strongly that ISAV is a member of the *Orthomyxoviridae*.

### Geographic and seasonal distribution {#s0245}

Outbreaks of ISA were once confined to Norway at Atlantic salmon farms; it has since been reported in New Brunswick, Canada, at Atlantic salmon farms in the area.

### Host range and virus propagation {#s0250}

The virus has only been reported in farmed Atlantic salmon. It has been propagated in tissue culture cell lines, including CHSE-214, SHK-1 (salmon head kidney) and AS (Atlantic salmon) cells. Cytopathic effects are observed 12--14 days after inoculation with ISA-infected tissue material. The virus propagation is severely reduced when the growth temperature exceeds 18°C.

### Transmission and tissue tropism {#s0255}

Transmission trials demonstrated that Atlantic salmon parr developed ISA after intraperitoneal injection. The macrophages in the liver were the first cells to show infection and then hemorrhagic necroses appeared by day 21. The erythrocytic cells are targets for virus infection.

### Clinical features and infection {#s0260}

The infected fish (postsmolt) have ascites, congestion and enlargement of liver and spleen, congestion of the foregut and petechiae in the peritoneum. The hematocrit values drop from 25 to less than 10 near the end of the disease.

*Retroviridae* {#s0265}
==============

Walleye epidermal hyperplasia retrovirus, walleye dermal sarcoma retrovirus {#s0270}
---------------------------------------------------------------------------

Four virus-associated skin lesions have been observed in walleyes, *Stizostedion vitreum vitreum:* lymphocystis, diffuse epidermal hyperplasia, dermal sarcoma and discrete epidermal hyperplasia. Lymphocystis is caused by an iridovirus. Diffuse epidermal hyperplasia appears to be caused by a herpesvirus. The other two diseases are caused by closely related retroviruses. These diseases can be found singly or in combination.

### History {#s0275}

The presence of translucent and raised nodular lesions on the skin of walleye in New York was first reported in 1969 by Walker. Similar neoplastic lesions were reported in walleyes from two provinces in central Canada and further studies showed that the 'tumors' contained C-type virus particles. More recently, Bowser and Casey at Cornell University have conducted further studies regarding the epizootiology and virus structure of the retroviral agents of walleye discrete epidermal hyperplasia and provided evidence for two different retroviral etiologic agents.

### Taxonomy and classification {#s0280}

The viruses, walleye dermal sarcoma virus (WDSV) and walleye discrete epidermal hyperplasia virus (WEHV) types 1 and 2 (WEHV1 and WEHV2) are closely related by sequence analysis. The polymerase regions are related by 77% identity for WEHV1 and WEHV2, and 64% identity for WDSV. Although the viruses appear by phylogenetic analysis of the reverse transcriptase domain to cluster with the mammalian type C retroviruses, their classification in the family *Retroviridae* remains unspecified. The WDSV virus has been cloned from tumor tissue and found to be 12.7 kb in length with three open reading frames in addition to gag, pol and env .

### Geographic and seasonal distribution {#s0285}

The disease, walleye discrete epidermal hyperplasia (WEH), has been observed on approximately 10% of adult breeding walleyes in Oneida Lake, NY, and up to 20% of the walleyes in some lakes in Canada. WEH is present in sexually mature fish during the fall through spring and disappear during the summer months. Apparently, the lesions appear and regress on a seasonal basis. In the case of walleye dermal sarcoma (WDS), the disease can affect up to 27% of walleyes in North American lakes. These lesions, which are distinct from epidermal hyperplasia, also develop in the fall, regress in the spring, and disappear in the summer.

### Host range and virus propagation {#s0290}

Both viruses, WEHV and WDSV, are found in walleye. Cell free filtrates of tumor tissue when injected into 9-week-old walleye fingerlings produce tumors in 87% of the animals in a 14 week period. The introduction of the virus into other fish species has not been reported. There are no reports of the propagation of WEHV or WDSV in tissue culture cells. All reports on sequence of different viral genes are on clones derived from tumor tissue-prepared virus.

### Transmission and tissue tropism {#s0295}

Horizontal transmission from infected fish is presumed. Whether or not vertical transmission occurs has not been determined and alternate hosts or reservoirs have not been identified. Both diseases appear to be confined to the surface areas of the fish dermis and epidermis.

### Clinical features and infection {#s0300}

WEH appears as a hyperproliferative skin disease with plaques of thickened epidermis that can be found on any part of the body. WDS is a disease of benign cutaneous neoplasms that arise multicentrically from the superficial surface of the scales. These lesions often appear to be malignant histologically but they regress in the summer and neither local invasion nor metastasis has been observed in feral fish.

### Immune response {#s0305}

The immune response to WEHV and WDSV has not been determined. Investigators are determining whether fish whose tumors have regressed during the summer will develop a new crop of tumors in the fall.

2. DNA Viruses {#s0310}
==============

*Iridoviridae* {#s0315}
--------------

### Lymphocystis virus {#s0320}

Lymphocystis virus is the etiologic agent for a benign, chronic infection of lymphocytic cells that causes a gross hypertrophy but has little impact on the host. A viral infection is generally superficial and the condition is much like warts.

#### History {#s0325}

Lymphocystis has been documented in the literature for the last century and was first thought to be the result of a parasitic infection of the fish. In 1914 it was first proposed that the disease was caused by a virus, and in 1951 this claim was substantiated by demonstrating transmission of the disease with cell-free filtrates. The virus was transmitted to healthy bluegill fish with bacteria-free homogenates in 1962, and in 1966 the virus was isolated in tissue culture which was subsequently used to infect naive fish.

#### Taxonomy and classification {#s0330}

Lymphocystis virus has an icosahedral symmetry with a large double-stranded genome. It is in the *Lymphocystivirus* genus of the *Iridoviridae* family. The particles contain a dense core within two noncellular membrane-derived envelopes and have filaments extending from the vertices. The size of the virus particles varies with the host that is infected and range from 150 to 300 nm.

#### Geographic and seasonal distribution {#s0335}

This virus has a worldwide distribution and, although it infects fresh as well as marine fishes, it is primarily found in the more evolved fish species, with the exception of salmonid fish. Lymphocystis virus displays a host specificity, and may crossinfect at the genus level, but not family. Temperature plays a role in the development of lesions and there may therefore be seasonal variation in infection rates.

#### Host range and virus propagation {#s0340}

At least 97 species of fish have been infected with the virus, which can also infect invertebrates. There is a host specific for each isolated virus, indicating that there may be many serotypes. The virus replicates in fibroblastic cell lines and is best propagated in cells derived from the host or closely related species. These cultures are maintained in conditions that would provide the best environment for the cells. Cytopathic effects caused by the virus in culture include the formation of giant cells, cytoplasmic inclusion bodies and hyaline capsules.

#### Transmission and tissue tropism {#s0345}

The disease is maintained in host fish and is passed horizontally by fish that have damaged or abraded lesions. Contact is the principal means of transmission, but external parasites have also been implicated in the spread of disease. The virus enters through external surfaces, including the gills. Onset and duration of clinical disease is dependent on the infected host species and the host environment, with fish in colder temperatures experiencing longer incubation periods and lesions persisting for up to a year, while fish in warmer temperatures may resolve the infection and ensuing lesions within a few weeks.

#### Clinical features and infection {#s0350}

The virus causes a lymphocystis in fish that is chronic but benign. Lesions on the skin and fins are composed of grossly hypertrophied cells. The hypertrophy can result in a 50000--100000-fold increase in cell volume. Usually there are no mortalities associated with infection and the lesions heal spontaneously. The infection is first apparent with the development of small, pearl-like tumefactions on skin of body, fins, tail and gills. The lesions increase in size and become bibulous, white to opalescent and may become pink in larger lesions. As the lesions mature, they may become hemorrhagic in appearance and look more wart-like. Lesions have also been found in the peritoneum or pericardium, pharynx, intestinal walls, ovaries, spleen and liver. At maturity, the lesions are 100 μm in diameter and can sometimes exceed 1 mm.

### Erythrocytic necrosis virus {#s0355}

Formerly called piscine erythrocytic necrosis virus (PENV), viral erythrocytic necrosis virus (VENV) is the etiologic agent that causes serious anemia in at least 20 species of marine and anadromous fish.

#### History {#s0360}

Viral erythrocytic necrosis (VEN) was first reported in 1969 and described as a pathological condition affecting the erythrocytes of three marine species of fish. A hallmark of this condition was the appearance of inclusion bodies in the cytoplasm of infected cells; in 1971, electron microscopy studies showed that virus particles were associated with the inclusion bodies.

#### Taxonomy and virion structure {#s0365}

VEN, in the *Iridoviridae* family, are icosahedral particles with a hexagonal profile. The particles are 140--360 nm in diameter, depending on the species of fish that is infected. Structural details also vary according to species infected. For example, viral particles isolated from herring and salmon have an electron dense coat 8 nm thick, a 22 nm clear zone and a 130 nm nucleoid core with a less electron dense center. Particles from cod have a larger outer hexagonal capsid of 300--360 nm, which appears trilamellar, and an electron dense central core.

#### Geographic distribution and host range {#s0370}

VEN is most probably found worldwide in marine and anadromous fish. The virus has been reported from the Pacific and Atlantic coasts of North America, the UK, Japan, Norway and Chile. Hosts include cyclostomes, elasmobranchs and 14 families of marine or anadromous fish. Chum, pink, coho and chinook salmon and steelhead trout are all susceptible. Older inapparent carrier fish are assumed to be the reservoirs of infection for young fish. Infection of fish has been demonstrated by intraperitoneal and water-borne transmission studies. In addition, transmission of virus infection from herring to salmon under experimental conditions indicates a marine source of virus in aquaculture. To date this virus has never been successfully grown in cell culture.

#### Clinical features and infection {#s0375}

Younger fish are more susceptible to VEN infection and the disease is more devastating to juvenile fish. Infected erythrocytes can be readily identified by appearance and are more easily lysed than normal cells. Infected fish are more susceptible to secondary bacterial infection and environmental stresses. Blood smears show inclusion bodies in the cytoplasm of erythrocytes. Giemsa-stained smears display inclusions that are acidophilic, 1--5 nm in diameter, and intracytoplasmic. Infected erythrocytes show nuclear degeneration, margination of chromatin, pyknosis, karyorhexis and karyolysis. An increased number of immature erythrocytes occurs in peripheral blood, and hematocrit values are depressed. In addition, blood from fish with VEN clots abnormally slowly or not at all. Two types of inclusion bodies have been identified from herring erythrocytes by electron microscopy. One type is associated with virions and is coarsely granular, round and electron dense. The other type of inclusion body is membrane bound with few, if any, virions. The primary diagnostic tool is stained blood smears, with definitive diagnosis by the examination of particles by electron microscopy.

#### Pathology and histopathology {#s0380}

There are no external signs of disease, except for pale gills due to severe anemia, and no mortalities directly associated with VEN infection. Herring may display red external surfaces if heavily infected with virus and organs may be pale as a result of anemia.

*Adenoviridae* {#s0385}
--------------

### Atlantic cod adenovirus {#s0390}

Atlantic Cod adenovirus was first described in 1980 and was the first adenovirus-associated disease described in fish. Fish with raised epidermal hyperplastic lesions were examined during a study of ulcus syndrome in cod (*Gadus morhua*) off the coast of Denmark, and virus was seen in the nuclei of cells of these lesions. Epithelial neoplasms have also been found in dab (*Limada limanda*) from the adjacent North Sea, and a common viral etilogy has been proposed.

#### Taxonomy and classification {#s0395}

The virus is in the *Adenoviridae* family and unassigned to a genus. The particles have an icosahedral morphology and are 77 nm in diameter. A 10 nm capsid surrounds an electron dense nucleoid. Although this virus is considered the etiologic agent of the disease, there are few virus particles associated with infected tissue and they are found only in the outermost cells of the epidermis.

#### Clinical features and infection {#s0400}

The skin lesions are flat, raised and transparent plaques that can occur anywhere on the body of the fish, but are most often seen on the caudal regions. The lesions range from 3 to 20 nm in diameter. The infected epidermis is four times thicker than normal tissue and has no or few mucous glands. In addition, there is an increase in the vasculature under the plaques.

### Sturgeon adenovirus {#s0405}

Sturgeon adenovirus particles have an icosahedral morphology with a double encapsidation of the nucleoid core. The virus is associated with hypertrophied nuclei of infected epithelial cells of the gastrointestinal tract and causes mortalities of white sturgeons (*Acepenser transmontanus*).

#### History {#s0410}

The sturgeon adenovirus was the first virus to be identified in a sturgeon. In 1984, white sturgeon fry from the Sacramento River in California were experiencing devastating mortalities. It was first thought to be of bacterial etiology but was later found to be caused by an adenovirus.

#### Virion structure {#s0415}

The viral particles have an icosahedral morphology with an inner capsid of 47 nm diameter and outer capsid of 74 nm in diameter.

#### Virus propagation {#s0420}

Propagation of the sturgeon adenovirus has been attempted in several fish cell culture systems, including sturgeon heart (SH-1) and spleen (SS-2) cells, without success. Primary cultures from infected sturgeon tissues have also been unsuccessful in propagating the virus.

Fish were experimentally infected with the sturgeon adenovirus by intraperitoneal inoculation with tissue homogenates from infected fish. The fish were maintained for 4 weeks and then histologically examined. The gastrointestinal epithelial cells displayed hypertrophy of the nuclei similar to, but in a less intense presentation, the natural infection.

#### Clinical features and infection {#s0425}

White sturgeon infected with the adenovirus were lethargic, anorexic and emaciated, with no food found in the alimentary tract, and the liver tissue was pale. Histological examination showed hypertrophied nuclei of mucosal cells of the gastrointestinal tract.

*See also:* {#mc0561}
===========

FISH HERPESVIRUSES (*HERPESVIRIDAE*).

[^1]: Tentative classification is based on virus morphology.
